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ADDITIONAL INDEX WORDS. certified organic, hairy vetch, Vicia villosa, rye, Secale cereale, strip-tillage, Rhizoctonia solani, gypsum SUMMARY. With the continuing 20% growth rate in the organic industry, organic vegetable crop production has increased to 98,525 acres in the United States. The requirement for certified organic vegetable producers to implement a soil-building plan has led to the development of soil fertility systems based on combinations of organic fertilizers and cover crops. To determine optimal soil fertility combinations, conventional and organic bell pepper (Capsicum annuum) production was evaluated from 2001 to 2003 in Iowa, comparing combinations of two synthetic fertilizers and three compost-based organic fertilizers, and a cover crop treatment of hairy vetch (Vicia villosa) and rye (Secale cereale) in a strip-tilled or fully incorporated cover crop system. Organic pepper growth and yields equaled or surpassed conventional production when nitrogen (N) was provided at 56 or 112 kgÁha -1 from compost-based organic fertilizer. Soil analysis revealed higher N in plots where cover crops were tilled compared with strip-tilled plots, leading to recommendations for sidedressing N in strip-tilled organic pepper production. Increased incidence of disease was also detected in strip-tilled plots. Postharvest weight loss after 6 weeks in storage was similar in organic and conventional peppers. The addition of calcium and sulfur products in conventional or organic fertilizer regimes did not increase pepper production or postharvest storage potential. Despite application challenges, cover crops will remain as critical components of the organic farm plan for their soil-building benefits, but supplementation with approved N sources may be required for optimal pepper production. Organic growers should conduct their own tests of organic-compliant soil amendments to determine cost effectiveness and value for their site before large-scale application.
O rganic production increased to 4,054,429 acres in the United States in 2005 (U.S. Department of Agriculture, 2007a), with 98,525 acres in organic vegetable crops. This increase has been attributed to the implementation of consistent federal standards for products marketed as ''organic'' in Oct. 2002 (U.S. Department of Agriculture, 2007b ) and a growing consumer preference for lower pesticide residues in food (Baker et al., 2002) . In addition, negative environmental impacts associated with intensive mineral fertilization in conventional production (Pimentel et al., 1989; Venterea and Rolston, 2000) have encouraged many producers to investigate organic methods. To enter the expanding organic market and meet certified organic requirements, producers must implement a soil-building plan in accordance with the USDA National Organic Program (NOP) of the Agriculture Marketing Service (U.S. Department of Agriculture, 2007b) . Some of the most critical needs of organic vegetable growers, identified through national surveys (Walz, 2004) and statewide focus groups (Delate and DeWitt, 2004) , have included soil fertility and pest management strategies. Fertility sources for organic vegetable crops generally include crop rotations and combinations of composted manure or cover crops (Gaskell et al., 2000) . Methods for ending cover crops before planting vegetable crops include herbicides, mowing, rolling, roll-chopping, undercutting, and roto-tilling (Carrera et al., 2004) , but because synthetic herbicides are disallowed in organic production, termination of cover crops through organic-compliant methods constitutes a major challenge. Although the majority of cover crop studies have been reported from conventional systems using herbicide inputs, cover crop combinations developed in conventional systems can help inform organic systems. Effective cover crops for organic systems have included combinations of barley (Hordeum vulgare), rye, wheat (Triticum vulgare), hairy vetch, and crimson clover (Trifolium incarnatum) because of their quick establishment, ability to overwinter, competitiveness with weeds, and ease of being killed with mechanical methods (Creamer and Bennett, 1997; Nelson et al., 1991) . Leguminous cover crops provide the greatest potential for improving yields, but cereal crops generally result in higher levels of soil organic matter than legumes, help to suppress weeds, and immobilize soil N, which can reduce nitrate leaching during winter months (Snapp et al., 2005) . Fall-planted cover crops can eliminate spring tillage, improve soil quality, and decrease the need for pesticides for certain pests (Masiunas et al., 1995 Although the majority of organic producers incorporate cover crops before planting, more recently, conservation tillage systems have been promoted to obtain the benefits of conventional no-till or strip-tilled systems, including reducing soil erosion, conserving soil moisture, and increasing soil fertility through cover crop residues (Hoyt et al., 1994) . Success of conservation tillage systems is dependent on sufficient groundcover provided by the cover crops, minimum cover crop mulch disturbance from seeding or transplanting, and effective weed management outside of the growing season (Morse, 1999) . Yield reductions have resulted from poor seed coverage, reduced soil temperatures, and N immobilization during cover crop decomposition. No-till vegetable systems have produced mixed results across the United States. Abdul-Baki and Teasdale (1997a) reported a 35% increase in snap bean (Phaseolus vulgaris) yield in no-till hairy vetch plots compared with bare soil plots provided equivalent fertilization. Griffin et al. (2000) found that no additional N was required to compete with conventional sweet corn (Zea mays) yields in a no-till system with alfalfa (Medicago sativa) and rye/hairy vetch cover crops. Hoyt (1999) reported no difference in squash (Cucurbita maxima) yields in plowed, strip-tilled, or no-tilled systems, while Herrero et al. (2001) demonstrated equivalent yields in fallow and no-till tomato (Solanum lycopersicum) systems. In the absence of herbicides, Carrera et al. (2004) found that cover crops increased no-till sweet corn yield by reducing weed biomass and improving crop competitiveness. Despite a 23% reduction in sweet corn plant population in hairy vetch/rye plots compared with bare soil, sweet corn yields were increased by 30% over bare soil plots, and by 43% with hairy vetch.
Compared with no-till systems, strip-tillage prepares a seed bed of loosely cultivated soil in a surface mulch (Hoyt et al., 1994) , combines the benefits of no-till and conventional tillage by retaining residue cover in the interrow, and provides a competition-free zone for crop emergence (Vyn and Raimbault, 1993) . Undisturbed cover crop mulch can be killed by herbicides or mechanical means. In herbicide-based systems, McKeown et al. (1998) reported greater tomato yields in strip-tilled plots in 5 out of 6 years compared with conventional tillage, but concerns were raised about higher nematode populations and reduced numbers of harvests in strip-tilled plots. Additionally, bacterial speck (Pseudomonas syringae pv. tomato) and bacterial spot (Xanthomonas campestris pv. vesicatoria) were greater in 3 out of 6 years in strip-tilled tomatoes. In all organic vegetable crop systems where the prohibition of synthetic herbicides necessitates mechanical options, Creamer et al. (1996) demonstrated organic tomato yields in an undercut cover crop mixture of hairy vetch, rye, crimson clover, and barley were comparable to conventionally fertilized tomatoes. Wilson et al. (1982) reported satisfactory yields of corn and cowpea (Vigna unguiculata ssp. unguiculata) in mowed strips of a cover crop of a tropical legume (Stylosanthes guianensis).
Additional benefits from cover crops, incorporated or as mulch, can include interference with insect and disease spread, such as rye mulching in strip-tilled plots reducing potato leafhopper (Empoasca fabae) populations compared with conventional plots (Andow, 1991) . Lower leafhopper numbers may have corresponded to host masking by the rye mulch or, in the case of snap beans, less preference for the reduced N content in strip-tilled snap beans (Bottenberg et al., 1999) . White mold (Sclerotina sclerotiorum), a soil-borne fungal pathogen, was also reduced by the rye treatments. Mechanisms suggested by this effect include the physical barrier of the mulch minimizing contact between soil/pathogen and plant (Bottenberg et al., 1999) and enhanced microbiological attack of soil pathogens (Thurston, 1992) . Loy et al. (1987) , however, found higher populations of common stalk borer (Papaipema nebris) in striptilled plots compared with tilled plots.
To evaluate the effects of organic-compliant fertilizers and cover crops, a systems experiment was established in 1998 at the Iowa State University Muscatine Island Research Farm in Fruitland, Iowa, to compare bell pepper production under conventional and organic management (Delate, 2002) . Although the farm site was not certified organic, all organic practices were USDA-NOP compliant (U.S. Department of Agriculture, 2007b) . The crop rotation for the experimental site was the pepper crop, preceded and succeeded by a fallow field of rye for one year, in accordance with NOP rules. A 5-m buffer zone of tilled ground was created around each plot, and conventional treatments were applied on calm days to prevent any synthetic chemical drift from conventional plots into organic plots. Treatments within the experiment consisted of combinations of two synthetic fertilizers and three compost-based organic fertilizers allowed in certified organic production. In addition to the organic fertilizers, effects of a cover crop of hairy vetch and rye were evaluated in the organic system. In the first phase of the experiment (1998) (1999) (2000) , pepper growth, harvest weight, and marketable fruit numbers were similar in conventional and organic production systems when 112 kgÁha -1 N was applied through synthetic fertilizer or compost (Delate et al., 2003) . Strip-tillage and incorporation of cover crops before planting resulted in pepper yields equivalent to compost treatments in the first year, but pepper growth was significantly reduced in second-year strip-tilled plots (Delate et al., 2003) . This study was undertaken to compare bell pepper field and postharvest performance due to production practices including organic and conventional soil amendments; to evaluate organic pepper production in tilled and strip-tilled cover crops; and to evaluate the effect of cover crops and organic fertilization on soil fertility in organic systems. , respectively. The cover crop germinated in September, remained dormant throughout the winter, and began regrowth in the spring. Cover crop plots were treated as one of two systems: 1) incorporated (tilled): the hairy vetch/rye mixture was mowed when the rye reached heading stage (21 May to 5 June) and roto-tilled 2 to 10 d later to completely incorporate the mixture before pepper transplanting, or 2) strip-tilled: the vetch/ rye mixture was crushed with a cultipak, followed by a ''strip-till system'' of a disc coulter and chisel sweep acting as an undercutter, sweeping 20 to 25 cm under the cover crop to cut roots and loosen the soil under the mulch with minimum disturbance of the soil surface on the same day as cover crop incorporation. Passage of the disc coulter and chisel sweep left a 7.6-cm-wide strip down the center of the row into which peppers were transplanted. In 2002 and 2003, the strip-tilled plants were side-dressed with the 56 kgÁha -1 N organic fertilizer on 25 June to test the effect of an additional N application on striptilled plant growth.
Materials and methods
'Red Knight' bell pepper seeds (Johnny's Selected Seeds, Albion, ME) were planted in greenhouses in 72-cell trays containing organic-compliant media (Sunshine LC-1 Mix Ò ; Sun-Gro Horticulture, Bellevue, WA) from 11 to 23 Apr. each year. At 18 cm of height, plants were mechanically transplanted into field plots at a 107-cm row spacing and 46-cm plant spacing from 1 to 13 June. The experimental design used in this study was a randomized complete block design with four replications. Each 25-m 2 plot contained 48 plants in four single rows for a total of 1728 plants in the experiment. Treatments examined in this experiment were representative of plant nutrient combinations used by conventional and organic growers in the midwestern United States. The goal of the fertilization program was to obtain similar rates of N in the organic and conventional system (%112 kgÁha -1 N). Calcium and sulfur application rates in specific conventional plots were matched to the concentrations of 21% calcium (Ca) and 17% sulfur (S) in the gypsum applied in specific organic plots. Treatments consisted of the following combinations: Treatment 1 = organic control (no fertilization/no herbicides); Treatment 2 = organic fertilizer (Cinagro TM ; Midwest Bio-Ag Ò , Blue Mounds, WI) applied to supply a full rate of 112 kgÁha -1 N, preplant incorporated; Treatment 3 = half-rate organic fertilizer (56 kgÁha and elemental S at 1112 kgÁha -1 to supply Ca and S equivalent to gypsum content. The conventional fertilizer was applied as a split application: 63 kgÁha -1 N, 63 kgÁha -1 of phosphorus (P), and 197 kgÁha -1 of potassium (K) were incorporated into plots from 23 to 30 May each year before transplanting peppers, and a side-dress application of 49 kgÁha -1 N was then applied at first flower. Trifluralin (Treflan Ò ; Dow AgroSciences, Indianapolis) was applied as a single application in the conventionally managed plots at 0.5 lb/acre a.i. Insecticides were scheduled to be applied only if monitoring reports signified a need for treatment; no insecticides were applied in any year. Weeds were mechanically cultivated in the organic plots throughout the season, except in the hairy vetch/rye strip-tilled plots, where the cover crop was left as mulch between plant rows.
In 2002 and 2003, aboveground cover crop biomass was determined before mowing or incorporation from three randomly selected 1-m 2 samples in each cover crop plot. Plants were cut at soil level, placed in a forcedair dryer, dried at 60°C for 5 d, and weighed. Nitrogen content of the cover crop was determined in 2003 at the Soil and Plant Analysis Laboratory (Iowa State University, Department of Agronomy, Ames). If cover crop growth was deemed z Not applied.
• April-June 2008 18 (2) insufficient for full weed management in strip-tilled plots, based on emergence of weeds through cover crop residue, rye straw was applied as a mulch. The mulch application (7.6 cm deep) occurred in mid-July each year. Irrigation was applied as needed based on rainfall events. A core set of measurements was taken on 10 random plants/plot within the interior of the plot (40 For each sampling date, five cores were removed to a depth of 15 cm and combined into one composite sample for each plot. The composite samples were stored in plastic zip-lock bags and kept cool during transport to the laboratory. A 10-g subsample of field-moist 8-mm-mesh sieved soil was extracted with 50 mL of 2 M potassium chloride (KCl), and inorganic N [nitrite and nitrate-N (NO 2 + NO 3 ) + ammonium-N (NH 4 -N)] in the filtrate was quantified using flow injection technology (Lachat Instruments, Milwaukee). Soil water content was determined gravimetrically by oven-drying a 15-g subsample of field-moist 8-mm-mesh sieved soil overnight at 105°C. A subsample of field-moist 8-mm-mesh sieved soil was pushed through a 2-mm-mesh sieve, air-dried, stored at room temperature, and later analyzed for P, K, Ca, pH, and electrical conductivity (EC). A 5-g subsample of the airdried, 2-mm-mesh-sieved material was ground (<250 mm) and used to determine total organic carbon and total N. Phosphorus concentrations (Bray-P) (Knudsen and Beegle, 1988) were measured colormetrically using ascorbic acid-ammonium molybdate reagents. Soil pH (Eckert, 1988) and EC (Dahnke and Whitney, 1988) were measured using a 1 soil:2 water ratio. Total organic carbon after removal of carbonates with 1 M sulfuric acid (H 2 SO 4 ) and total N were quantified by dry combustion using a Carlo-Erba NA 1500 NCS elemental analyzer (Haake Buchler Instruments, Paterson, NJ). All analyses were conducted at the USDA-Agriculture Research Service National Soil Tilth Laboratory at Ames, Iowa, and the Soil and Plant Analysis Laboratory. In addition to ANOVA, soil fertility results were analyzed through single-df contrasts (SAS, version 8.0).
Results
CROP PERFORMANCE. In 2001, pepper plant height was greater in the organic fertilizer treatments (112 kgÁha -1 N), with or without gypsum, the conventional fertilizer treatment, and the hairy vetch/rye strip-tilled treatment, compared with the organic or conventional control or tilled cover (Table 2 ). Plant height in the incorporated vetch/rye treatment was lower than the strip-tilled treatment. Plants in the 112 kgÁha -1 N organic treatment were taller than the 56 kgÁha -1 N organic fertilizer treatment. Leaf number at maximum plant height was greatest in the conventional fertilizer treatment, with and without Ca/S. Plants in the organic fertilizer treatment (112 kgÁha -1 N) were second in leaf number to conventional treatments, with plants in the organic control and in both hairy vetch/rye plots having the least amount of leaf production. Fruit numbers at maximum plant height were significantly greater in the organic fertilizer treatments (at 56 and 112 kgÁha -1 N), and in the conventional fertilizer with Ca/S treatment, compared with other treatments. Gypsum applications did not increase fruit numbers over organic fertilizer alone. Lowest fruit numbers were produced in the cover crop treatments.
In 2002, the tallest plants were in the organic fertilizer (112 kgÁha -1 N) and in the conventional fertilizer treatments, with and without Ca/S (Table 2 ). Plant height in the conventional treatments was equivalent to the organic fertilizer (112 kgÁha -1 N and 56 kgÁha -1 N) with gypsum treatment and the strip-tilled treatment plus organic fertilizer side-dress ( Table 2 ). The addition of the 56 kgÁha -1 N side-dress application in strip-tilled plots led to an improvement in pepper productivity, and because of this result, a side-dress application was added to future protocols. Plant height in the incorporated hairy vetch/rye treatment was equivalent to the organic and conventional controls. Leaf number was greatest in the conventional fertilizer treatment with Ca/S, the conventional fertilizer alone, and in the organic fertilizer (112 kgÁha -1 N) treatment. Plants in the 112 kgÁha -1 N organic fertilizer with gypsum treatment had leaf numbers similar to the previous two treatments. Despite lower plant height, the tilled cover crop treatment produced a greater number of leaves than the strip-tilled treatment (Table 2) . Plants producing the greatest number of fruit in July were in the organic fertilizer treatments of 112 kgÁha -1 N, with and without gypsum ( Table 2) . There were no differences in fruit numbers between the conventional fertilizer treatments and the lower organic fertilizer rate plus gypsum treatment. Fruit numbers were similar in the two cover crop treatments in 2002, but in the hairy vetch/rye strip-tilled plots, fruit numbers were equivalent to the conventional control plots.
In 2003, all organic plants were taller than plants receiving conventional treatments (Table 2 ). There were no differences in plant height among the 112 kgÁha -1 N organic fertilizer, with and without gypsum; 56 kgÁha -1 N with gypsum; and in both hairy vetch/rye treatments. Plants in the incorporated hairy vetch/rye treatment were an equivalent height as plants in the organic control. Leaf number was also greater on plants in all organic treatments compared with those in conventional treatments (Table 2) . Pepper number was similar in seven of the nine treatments in July, but both cover crop treatments had lower pepper numbers than the organic 56 kgÁha -1 N with gypsum treatment (Table 2 ).
In the first year, pepper yield was similar in both conventional plots (averaging 24,299 kgÁha -1 ) and organic plots fertilized with 112 kgÁha -1 N, with and without gypsum (averaging 26,295 kgÁha -1 ) (Table 3) . Yields in the 56 kgÁha -1 N organic fertilizer treatment were equivalent to the higher organic fertilizer rate. Strip-tilled hairy vetch/rye plots, without additional fertilization, contained some of the lowest yielding plants, along with the conventional and organic control plots. When the hairy vetch/rye was incorporated, yields were equivalent to the organic fertilizer treatments, but lower than the conventional fertilizer with Ca/S treatment. The number of peppers at harvest ranged from 124,378 peppers/ha in the conventional control to 213,035 peppers/ha in the conventional fertilizer with Ca/S treatment with no significant differences among treatments (Table 3) . Organic fertilizer (112 kgÁha -1 N) plants averaged 162,251 peppers/ha compared with 163,111 peppers/ha in the conventional fertilizer treatment. Average pepper fruit weight (172 g) in the organic 112 kgÁha -1 N treatment was equivalent to that of 156 g in the conventional fertilizer treatment (data not shown).
Contrary to 2001 results, pepper yields from all organic and conventional treatments were similar in 2002 (Table 3 ). The average yield of the 112 kgÁha -1 N organic fertilizer treatment was 15,572 kgÁha -1 compared with 15,680 kgÁha -1 in the conventional fertilizer treatment. With the additional N side-dress application, yields in the strip-tilled treatment averaged 14,833 kgÁha -1 compared with 12,621 in the tilled cover crop treatment (Table 3 ). Similar to yield results, pepper numbers at harvest were equivalent among treatments, and averaged 101,873 across the two control plots compared with , with conventional fertilizer plus Ca/S treatment yields equivalent to organic fertilizer and cover crop treatments (Table 3) . The additional N side-dress application in the striptilled treatment did not improve yields over the incorporated cover crop treatment. There were no differences in the number of peppers at harvest among all treatments, averaging 122,154 peppers/ha in the organic fertilizer treatment and 75,997 peppers/ha in the conventional fertilizer treatment (Table 3) . Average pepper weight across treatments was 151 g, with no differences among treatments (data not shown).
PEST INCIDENCE. Insect pests [green peach aphid (Myzus persicae) and corn borer (Ostrinia nubilalis)] were observed throughout the experiment, but did not reach economic threshold levels, and no differences in populations were observed among treatments in 2001 (Table 4) . Beneficial insects, primarily ladybeetles (Coccinellidae), lacewings (Chrysopidae), and spiders (Salticidae), were also present in all plots, but because of low insect pest numbers, significant differences among treatments did not occur in the first year. Damping-off (Rhizoctonia solani) disease symptoms were observed in greater amounts in the strip-tilled plots, where up to 15% of plants were infected. Despite low numbers of insect pests in the field, insect and disease damage (as blemishes at harvest) ranged from six blemishes/pepper in the hairy vetch/rye strip-tilled treatment to 17 in the organic control, but because of high variability, there were no significant differences among treatments (Table 3) . Striptilled plants were among the most (Table 3 ). There were also no differences in blemished peppers among treatments in 2003, with blemishes ranging from 1.3 to 3.3 per fruit (Table 3) .
POSTHARVEST PERFORMANCE. Pepper weight loss after 6 weeks of postharvest storage was similar among treatments for all years of the experiment (Fig. 1) . Average weight loss ranged from 14.3% in the hairy vetch/rye strip-tilled fruit to 18.4% in the organic control at 6 weeks.
COVER CROP PERFORMANCE. Biomass accumulation before mowing was similar across the two hairy vetch/rye treatments in 2002 and in 2003, averaging 3,966 kgÁha -1 in 2002 and 10,045 kgÁha -1 in 2003 (data not shown). Nitrogen content (2.2%) was also similar between treatments (data not shown).
S O I L F E R T I L I T Y S T U D Y : POSTHARVEST SOIL FERTILITY.
Soil organic carbon (C) content, inorganic N, Bray P, EC, and pH were not significantly different in the hairy vetch/rye treatments relative to the other organic treatments over the course of the experiment (Table 5) . Total soil C in the organic fertilizer treatment was higher than the conventional fertilizer treatment after the • April-June 2008 18 (2) 2003 season, suggesting that relatively available organic C was accumulating compared with the conventional systems (Table 5) . Total soil N content was higher in the incorporated hairy vetch/rye than in the strip-tilled treatment after harvest in 2001 (Table 5) . Total soil N in the organic fertilizer treatment was equivalent to the incorporated hairy vetch/rye in all years (Table 5 ). This indicates that incorporation of hairy vetch/rye can help maintain soil N through the end of the growing season in pepper production systems, even in the absence of organic fertility amendments. In general, soil fertility in organic pepper plots was equal to, or greater than, that in conventionally produced peppers (Table 5) .
Before hairy vetch/rye incorporation in May of each year, residual soil inorganic N was not different among treatments, except that in 2001, soil nitrate-N in the incorporated hairy vetch/rye treatment was significantly lower than the organic control or the strip-tilled treatments (Table 6 ). Soil nitrate-N was significantly higher after hairy vetch/rye incorporation in June 2002 and 2003 compared with preincorporation soil nitrate levels (Table 6 ). However, soil nitrate-N was also significantly greater in June than in May in the organic control treatment for both years, indicating soil mineralization in the absence of cover crops.
Single-df contrasts (SAS, version 8.0) showed that in 2002, the incorporated hairy vetch/rye treatment had greater soil nitrate-N than the organic control on 12 June (F = 7.55, P = 0.0115) and on 25 June (F = 21.15, P = 0.0001), but a higher soil nitrate-N response in the strip-tilled treatment was determined in the 25 June sampling (F = 17.40, P = 0.0004). There was a trend toward increasing soil nitrate-N levels for both cover crop treatments on 25 June compared with 12 June in 2002 (hairy vetch/rye incorporated: F = 3.43, P = 0.0770), but significant differences were observed only for the strip-tilled treatment (F = 13.41, P = 0.0013). There were no pre-and postincorporation differences in soil ammonium-N in 2002. In 2003, post-hairy vetch/rye incorporation levels of soil nitrate N (F = 49.04, P < 0.0001) and ammonium-N (F = 14.85, P = 0.0009) were greater than on 14 May for the incorporated hairy vetch/rye treatment. The postincorporation levels of soil nitrate-N (F = 9.82, P = 0.0045) and ammonium-N (F = 8.87, P = 0.0069) were also greater than May levels for the striptilled treatment. Soil nitrate-N was not different for either cover crop treatment on 26 June compared with 13 June 2003. The organic control also had more soil nitrate-N (F = 5.97, P = 0.0223) and ammonium-N (F = 4.69, P = 0.0415) on 13 June than on 14 May.
The soil fertility data clearly show that soil inorganic N sources, and especially soil nitrate-N, increased as a result of incorporation of hairy vetch/rye. However, the pattern of N release from the incorporated hairy vetch/rye appeared to vary between years and plots. Because the inorganic N in the top 15 cm of soil also increased in the organic control plots from May to June, this amount was deducted from the increase in soil inorganic N in the cover crop treatments postincorporation. Greater differences were observed for the incorporated versus strip-tilled hairy vetch/rye treatment, and the relative difference appeared to be consistent from year to year. One month after complete hairy vetch/rye incorporation in 2002, soil in the 0 to 15 cm depth increment contained 2.5 kgÁha -1 more inorganic N than before incorporation. Strip-tillage inorganic N content in the same increment after tillage was 1.5 kgÁha -1 N greater than was preincorporation levels. The magnitude of change in inorganic N at the 0 to 15 cm depth after vetch incorporation in 2003 appeared to be less than in 2002, but complete incorporation still resulted in a greater change (1.1 kgÁha -1 N) in inorganic N than strip-tillage (0.1 kgÁha -1 N).
Discussion
With the continuing 20% annual organic industry growth rate, organic agriculture holds much promise for vegetable producers interested in gaining premium prices for their crops while lowering input costs (Dimitri and Greene, 2003) . Lower organic yields have been associated with slower N release from organic amendments compared with synthetic fertilizers (MacRae et al., 1993) , but results from this experiment demonstrated the feasibility of producing bell peppers in an organic system with comparable productivity to conventional peppers. These results compare with the first phase of this experiment where conventional and organic pepper growth and yields were similar when 112 kgÁha -1 N was provided through synthetic fertilizer in the conventional system or compost-based fertilizer in the organic system (Delate et al., 2003) . Contrary to previous research (Delate et al., 2003) , increasing the organic fertilizer rate from 56 to 112 kgÁha -1 N did not lead to an increase in yield, pepper number, or individual pepper weight. These results indicate that N supplementation as low as 56 kgÁha -1 N from carbon-based organic amendments may be sufficient for organic pepper production. Our limited knowledge of the underlying mechanisms operating in organic farming systems (Høgh-Jensen, 1998) includes understanding the interactions between beneficial soil microbial populations and nutrients present in manure-based organic fertilizers and in cover crops. High organic matter inputs in soil, such as compost and cover crops, have been previously shown to create greater levels of labile C sources, microbial activity, and Nsupplying capacity compared with conventional systems (Gunapala and Scow, 1998; Kramer et al., 2002) . Organic-amended soils in other experiments have been shown to have twice the level of N as conventional soils (Burger and Jackson, 2003) . This effect was demonstrated in this experiment where the N supply in soil remained high in organic plots throughout the growing season. The addition of Ca and S to conventional or organic fertilizer treatments did not lead to an increase in plant growth, yield, or postharvest storage, similar to previous research (Delate et al., 2003) . Unless soil testing specifies a deficiency, use of these products may be unnecessary.
Results from the cover crop treatments were consistent with previous research. In the initial phase of the experiment, strip-tillage resulted in reduced pepper growth and yield compared with organic and conventional fertilizer treatments in 2 out of 3 years (Delate et al., 2003) , similar to Bottenberg et al. (1999) , where snap bean yields from plants in strip-tilled plots were 80% of plants under conventional cultivation. The additional 56 kgÁha -1 N side-dress application in strip-tilled plots did result in a yield increase, when strip-tilled yields were equivalent to conventional and organic fertilizer treatments, similar to the yield increase observed in tomato plots when 83 kgÁha -1 N was applied to no-tilled cover crop plots at the time of planting (Abdul-Baki and Teasdale, 1997b). Average yields in the incorporated hairy vetch/rye treatment were intermediate to the organic fertilizer (56 kgÁha -1 N) with gypsum and the 112 kgÁha -1 N treatment, indicating an N contribution of 56 to 112 kgÁha -1 from the incorporated hairy vetch/rye. Skarphol et al. (1987) suggested a contribution of 90 kgÁha -1 N from hairy vetch, crimson clover, or Austrian winter pea (Pisum sativum), wheres Griffin et al. (2000) estimated a contribution of between 78 to 156 kgÁha -1 N in cover crop systems with alfalfa, rye, and rye/hairy vetch. Burket et al. (1997) estimated the cover crop combination of clover (Trifolium pratense) alone, or in a mixture with rye and pea, to contribute 150 kgÁha -1 N. Our results contrast with results from Creamer et al. (1996) where tomato yields were equal in conventional and cover crop plots. Researchers from California (Scow, 1996; Shennan, 1992) reported similar results, however, where cover crop supplementation alone was inadequate for optimal vegetable crop production.
Reduced performance in striptilled plots has been associated with nutrient and water competition between cover crop and vegetable crop. Loy et al. (1987) found that water deficits were higher in strips, leading to lowered marketable pepper yields compared with conventionally tilled plots. Bottenberg et al. (1999) determined a reduced leaf N content in snap bean plants under strip-tillage, as did Herrero et al. (2001) in striptilled tomato leaves. Cooler soils, delayed maturity, and a later harvest period in a strip-tilled snap beans and corn were observed (Hoyt, 1999; Licht and Al-Kaisi, 2005) . Decreased soil temperatures in strips may also lead to increased disease incidence, as reported here and by McKeown et al. (1998) . Increasing the strip width may facilitate vegetable crop growth, as Loy et al. (1987) demonstrated improved squash yield after widening the strips from 0.5 to 1 m, but weed management in 1-m-wide strips in organic systems would require tillage or hand-mulching. In this experiment, an application of straw mulch was required each year to provide adequate weed control in the striptilled systems because of insufficient soil coverage by the cover crop. The straw mulch was needed for supplemental weed control in 2003 despite a %153% increase in hairy vetch/rye biomass from 2002 to 2003. For complete weed management, additional hand weeding may also be required in straw mulch systems (Law et al., 2006) .
Animal-based and cover cropbased fertilization were effective in increasing soil inorganic N during critical periods in the growing season in all organic treatments. Crop response corresponded with soil fertility results, where complete incorporation of the hairy vetch/rye cover crop increased soil inorganic N to a greater extent compared with strip-tillage. Carrera et al. (2004) also found that hairy vetch/rye mineralization allowed for a slower release of N and more efficient absorption by sweet corn. Similar to Wilson et al. (1982) , however, improvements in soil organic matter, total N, and decreased bulk density in the strip-tilled plots were not associated with improved yields over tilled plots.
For a leguminous cover crop to supply nutrients equivalent to organic fertilizers, the cover crop stand, overwintering capability, and spring growth must be sufficient. Additionally, mechanical termination of the cover crop must result in evenly distributed mulch of sufficient depth to play a significant role in weed management. Although strip-tillage of vegetables into cover crops can help mitigate soil erosion and aid in weed management, competition between vegetable and cover crop regrowth, inadequate N contribution, potential cooling of soil, and the requirement for continued strip management throughout the growing season has reduced the adoption of this system on organic farms. To eliminate N immobilization problems, growers should till cover crops at least 2 weeks before planting vegetables, but this period may prove inadequate if unfavorable weather conditions delay cover crop decomposition. Despite application challenges, cover crops will remain as critical components of the organic farm plan, specifically for their role in sequestering carbon, contributing nutrients, improving soil tilth and microbial populations, interfering with weeds and insect pest cycles, and facilitating the development of a closed-system farm.
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